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Recent studies have revealed that the Par-1 protein, in
addition to its established role in anterior–posterior
patterning of the Drosophila oocyte, has both
microtubule-dependent and microtubule-independent
roles very early in oogenesis.
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Drosophila oocyte development presents an intriguing
problem for developmental biologists. Germ cells that
share lineage, environment and even a common cytoskele-
ton nevertheless differentiate two different cell types:
polyploid nurse cells and meiotic oocytes. Two recent
studies [1,2] — one published recently in Current Biology
[1] — show that Par-1, the Drosophila homolog of the
mammalian microtubule-associated regulatory kinases
(MARKs), is required for germ cells to develop as oocytes
rather than as nurse cells. 
Each egg chamber in Drosophila begins as a single cell, the
cystoblast, which undergoes four rounds of incomplete
division to produce a cyst of sixteen cells that are intercon-
nected in a stereotypic pattern. The number and timing of
these divisions are regulated by cyclin A and other cell
cycle regulators, such as Encore and Tribbles [3,4]. Cyclin
A and the cytoskeletal elements that orient the mitotic
spindle and mediate transport of materials within the cyst
are associated with a vesicular organelle, called the fusome
[5]. The fusome runs throughout the cyst, crossing from
one cell to another via specialized structures called ring
canals. The pattern of cell divisions in the cyst results in
the final sixteen cells varying in their numbers of ring
canals: two cells each have four ring canals, two have
three, four have two and eight have one. 
Only one of the sixteen cells in the cyst goes on to
produce an oocyte and remains arrested in meiotic
prophase I. The other fifteen cells develop as polyploid
nurse cells. How each egg chamber produces only one
oocyte, and how that oocyte is selected among the other
cells of the cyst is not known. The oocyte may be
determined during the first cell divisions of the cystoblast.
Indeed, one of the two cells with four ring canals always
becomes the oocyte. Furthermore, fusome components
are distributed unequally during each of the cystoblast
divisions, suggesting that the differential segregation of
factors associated with the fusome may play a role in polar-
izing the microtubule network so that oocyte determinants
accumulate in one cell [6]. Other mechanisms of specify-
ing the oocyte, such as competition between the two cells
with four ring canals, cannot be ruled out, however. 
By whatever mechanism the oocyte is specified, studies of
the crucial steps in early oogenesis have indicated that
oocyte fate is restricted gradually to one cell. The synap-
tonemal complex that accompanies meiotic arrest appears
transiently in several cells before becoming restricted to
the oocyte. The oocyte determinants also accumulate
transiently in several cells as they move along a polarized
microtubule network that leads from the microtubule plus
ends in the nurse cells to a microtubule organizing center
in the oocyte (Figure 1) [7,8].
The Par-1 proteins in Drosophila and in the nematode
Caenorhabditis elegans, and the mammalian MARKs, function
in the establishment of cell polarity. In C. elegans, Par-1 is
responsible for ensuring that the germline determinants and
posterior fate determinants are localized properly, and that
the first cell division of the zygote is asymmetric. In this
system, Par-1 seems to act at least in part in a microtubule-
independent manner, as treatment of C. elegans embryos
with microtubule-destabilizing drugs such as colchicine
does not disrupt asymmetric localization at the first cell
division, while drugs affecting actin filaments do [9].
Mammalian MARKs, on the other hand, are believed to
act by phosphorylating microtubule-associated proteins
(MAPs), such as tau. It has been suggested that phospho-
rylation of MAPs leads to their dissociation from the
microtubules, thereby rendering the microtubule network
dynamic in order to facilitate changes in protein localiza-
tion and cell shape [10].
Drosophila par-1 has been shown to be necessary for the
disassembly of the microtubule organizing center that
normally occurs during mid-oogenesis [11,12]. In par-1
mutants, the microtubule network fails to destabilize at
the posterior end of the oocyte, as it does normally at
mid-oogenesis. As a result, the microtubules in mid-
stage par-1 oocytes extend from the entire periphery and
mislocalize the posterior determinant, oskar mRNA, to
the center of the oocyte. Par-1 therefore seems to func-
tion during this stage of oogenesis by affecting the
dynamics of the microtubule network, in a similar
manner to the mammalian MARKs and differently from
worm par-1 [11,12].
The two new studies [1,2] have shown that Par-1 has an
additional role in Drosophila, even earlier in oogenesis. An
indication that Par-1 may have functions in addition to
those mediated via regulation of microtubules comes from
comparing the phenotype caused by par-1 null mutations
with those caused either by colchicine-induced
microtubule depolymerization [13] or by loss-of-function
mutations in Bicaudal D (BicD), oo18 RNA binding (orb) or
egalitarian (egl) [14,15]. These last three genes code for
proteins that have been shown to play a part in oocyte
specification. Like loss of Par-1 function, disruption of
microtubules with colchicine or loss of function of an
oocyte specification protein results in egg chambers that
have sixteen nurse cells and no oocyte. Subtle differences
in the development of these egg chambers have provided
new insights into the role of the microtubule network in
oocyte determination.
Observations made using markers for the synaptonemal
complex, the microtubule network and oocyte determi-
nants have distinguished key steps in oocyte specification
(Figure 1) [7,8]. The initial generation of asymmetry
during oogenesis does not seem to require a polarized
microtubule network, or par-1, or the oocyte specification
genes, as mutation of these genes or colchicine treatment
does not prevent normal formation of the cystoblast or the
asymmetric distribution of fusome material [1,2,7]. In
colchicine-treated chambers, the synaptonemal complex
and meiotic arrest is still restricted to one cell in a cyst, as
normal, although the arrest cannot be maintained and all
the cells eventually develop as nurse cells [13,16]. In con-
trast, the synaptonemal complex does not form at all in
BicD mutants [7], while it forms and then disappears in all
sixteen cells of the cyst in egl mutants [17]. In par-1
mutants, the synaptonemal complex initially forms in all
sixteen cells, as it does in egl mutants, but in this case,
after a short delay, only one cell exhibits synaptonemal
complex (Figure 2) [2].
These observations show that restriction of meiotic arrest
to one cell occurs independently of the microtubule
network, but that it requires Egl and BicD. Furthermore,
as the synaptonemal complex defects in par-1 mutants
occur earlier than defects caused by colchicine, some of
the effects of Par-1 must be mediated independently of
microtubules. These observations cannot be explained by
the application of insufficient colchicine, as this drug
entirely eliminated the localization of determinants to
one cell, whereas these determinant were transiently -
localized in par-1 mutants. The microtubule-independent
role of Par-1 in the restriction of the synaptonemal
complex early in Drosophila oogenesis proposed by
Huynh et al. [2] may indeed relate to the microtubule-
independent segregation of posterior determinants in
the first cell division of the C. elegans embryo [9]. The
identification and characterization of Par-1’s downstream
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Figure 1
The Drosophila germarium. Germline stem
cells are maroon, nurse cells and oocyte gray,
and oocyte determinants blue. Somatic cells
are white. The anterior of the germarium (left)
contains earlier stage egg chambers; the
posterior (right) contains later stage egg
chambers. Nuclei that have synaptonemal
complex are green. All other nuclei are white.
Region 1: Germline stem cells give rise to the
cystoblast, which undergoes four incomplete,
synchronized cell divisions. With each cell
division, the fusome (pink) elaborates and
extends into the new cell [18]. At the end of
region 1, the cyst consists of sixteen cells that
each share connections with one to four
neighbors. Microtubules and Par-1 associate
independently with the fusome [1,2].
Region 2: The fusome disappears throughout
region 2. The first sign of oocyte/nurse cell
fate specification is the appearance of
synaptonemal complex in the two cells with
four ring canals; synaptonemal complex
formation then spreads very transiently to the
two neighboring cells that have three ring
canals. The two cells with four ring canals
accumulate proteins necessary for oocyte
determination (blue), such as Egl, BicD, and
Orb. Centrioles also accumulate in these
cells, now called the pro-oocytes. In
region 2B, the oocyte determinants and the
centrioles are all localized to one of the pro-
oocytes; the other still exhibits synaptonemal
complex. Finally, the egg chamber flattens, as
only the oocyte contains centrioles, the oocyte
determinants and synaptonemal complex [7].
At this stage a microtubule organizing center
(MTOC) has formed in the oocyte, and a
polarized microtubule network is extended to
all the other cells in the cyst, which will all
develop as nurse cells. Region 3/oogenesis
stage 1: The oocyte moves to the posterior of
the egg chamber, which rounds up into a
sphere. The MTOC and oocyte determinants
are now at the posterior end of the oocyte.
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effectors may further clarify how the protein acts in
oocyte specification.
The one cell to which synaptonemal complex is finally
restricted in par-1 mutants cannot maintain meiotic arrest;
this cell adopts the nurse cell fate, as it would if the cyst
were treated with colchicine, suggesting that, even at
this early stage, some of Par-1’s effects may involve
microtubules [2]. In par-1 mutants, the formation of the
microtubule organizing center in the oocyte, and the seg-
regation of oocyte determinants — such as Orb, Egl, BicD
and osk mRNA — to one cell is delayed and transient [2]
or does not occur at all [1] (Figure 2). Colchicine-treated
egg chambers also do not form a microtubule organizing
center or properly segregate determinants to the oocyte
[13]. Taken together, these observations provide evidence
that Par-1 may regulate the microtubule cytoskeleton
early in oogenesis.
Additional observations further highlight the importance of
Par-1 in microtubule regulation (Figure 2).  Along with the
defects in oocyte specification in par-1 mutants, Huynh et
al. [2] noticed a novel defect in the earliest known polariza-
tion event within the oocyte — the movement of the
microtubule organizing center from the anterior end of the
oocyte to the posterior end.  They found that, in par-1
mutants, although the microtubule organizing center, cen-
trioles, Orb protein, and a marker of microtubule minus
ends all localize to the anterior end of the oocyte, they fail
to move to the oocyte’s posterior end [2]. Par-1 may thus
act early in oogenesis to maintain oocyte fate by disassem-
bling a transient microtubule organizing center — rather
similar to its role later in mid-oogenesis, when Par-1 has
been shown to be involved in the disassembly of the
microtubule organizing center at the posterior pole
[11,12]. Interestingly, recent studies with C. elegans
suggest a role for Par-1 and other Par proteins in the asym-
metric positioning of the mitotic spindle during the first
division. Thus, in Drosophila and C. elegans, Par-1 may play
a role in the positioning of the microtubule network
within the cell [19,20].
As noted, there are significant differences between the
observations made by the two groups [1,2] (Figure 2),
even though the mutant par-1 alleles they independently
generated are very similar and both likely to be nulls.
While Huynh et al. [2] observed restriction of the synap-
tonemal complex to the oocyte and transient localization
of oocyte determinants early in oogenesis in par-1
mutants, Cox et al. [1] did not observe any localization of
Figure 2
The par-1 phenotype: panels (a–c) depict
wild-type egg chambers, and panels
(a1,b1,b2,c1,c2) depict par-1 mutant egg
chambers. For a complete description of wild
type see Figure 1. (a,a1) The restriction of the
synaptonemal complex (green) to one cell.
(b,b1,b2) The localization of the oocyte
determinant Orb (blue). (b1) The par-1 mutant
phenotype according to Hunyh et al. [2]: Orb
gradually becomes restricted to the oocyte; in
region 3, it is fully localized to the oocyte’s
anterior, but it fails to translocate to the
posterior end, as in wild type. By stage 2 of
oogenesis, Orb is no longer concentrated in
the oocyte. (b2) The par-1 mutant phenotype
according to Cox et al. [1]: Orb protein is
never localized to the oocyte, instead it is
found in all 16 cells. (c,c1,c2) The localization
of the microtubule network (yellow). (c,c1)
These panels also show the localization of the
microtubule minus-end motor Nod (purple).
(c1) According to Hunyh et al. [2], an MTOC
is found in the par-1 mutant oocyte. Nod
localizes to the oocyte, but like Orb, it fails to
translocate to the posterior end of the oocyte.
(c2) According to Cox et al. [1]: the
microtubule network fails to form an MTOC
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determinants to the oocyte in the par-1 mutants they
examined. The two groups [1,2] agree that Par-1 is
required for microtubule-dependent processes in oogene-
sis, but the exact step at which localization is disrupted in
par-1 mutants is disputed.
In support of a microtubule-dependent role of Par-1, Cox
et al. [1] show that Par-1 is also important for the stabiliza-
tion of the polarized microtubule network in the follicular
epithelium that surrounds the oocyte. As Par-1’s localiza-
tion in the follicle cells is similar to that in mammalian
cells of MARK proteins, which are known to regulate
microtubule dynamics, it is tempting to speculate that Par-
1 functions similarly to the MARKs. If this pathway is
indeed conserved, future studies in both Drosophila and
mammalian cells will help shed light on a general mecha-
nism of microtubule regulation.
One tantalizing result reported by Huynh et al. [2] came
from analysing two par-1 transgenic constructs encoding
different Par-1 isoforms. The longer of the two constructs,
but not the shorter one, included a sequence coding for a
carboxy-terminal domain similar to a domain found in
C. elegans Par-1 and the MARKs [11]. The two constructs
also differed by five amino acids in the linker region. The
longer construct was only able to rescue the late, micro-
tubule-dependent Par-1 phenotype exhibited by weak
par-1 mutants; the shorter construct rescued all aspects of
the par-1 phenotype. These data suggest that the carboxy-
terminal domain may have an inhibitory function, and
provide evidence that different Par-1 isoforms have dis-
tinct functions [2]. Future study of the domains required
for the early, microtubule-independent functions of Par-1
may help to further elucidate the protein’s multiple roles
in oogenesis.
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